The phytochemical investigation of the methanolic extract of the white rot fungus Meripilus giganteus resulted in the isolation and identification of complex mixtures of free fatty acids (1), monoacylglycerols (2), cerebrosides (3), ergosterol (4) and ergosterol peroxide (5). The structures of the isolated lipid metabolites (1-5) were determined by chemical and spectroscopic methods. The antioxidant activity of the whole MeOH extract of the fungus was evaluated through in vitro model systems, such as 2,2-diphenyl-1-picrylhydrazyl (DPPH) and superoxide anion. In all two systems, the results indicated that the extract of the fungus showed the same free-radical-scavenging activity with SC 50 data of 47.70 μg/mL, compared with the positive control quercetin (DPPH assay). None of the isolated compounds (1-5) showed a significant activity. Compounds 2-4 were isolated from Meripilus giganteus for the first time.
Mushrooms have recently become attractive as a functional food and as a source for the development of drugs. Fungal metabolites, both secondary and primary, possess significant biological activities including antimicrobial, antioxidative, antiinflammatory, antitumor, cardiovascular, antiparasitic, hepotoprotective and antidiabetic [1] .
The species Meripilus giganteus (Pers.: Pers.) Karst. 'black staining polypore' (family Meripilaceae, order Polyporales, phylum Basidiomycota) originates from Europe and North America and usually appears in the summer-autumn period. It is parasitic on living hardwoods and saprophytic on the dead wood of hardwoods causing white-rot resulting in final degradation of lignin through oxidative processes and enzymes [2] . It is edible, but investigations from a phytochemical and pharmacological point of view are scarce in literature. A mixture of saturated and unsaturated fatty acids and ergosterol peroxide were identified as immunosuppressive principles [3] . Besides, the content of polysaccharides from M. giganteus was evaluated and the results support the possibility that the mushroom might contain an immunomodulating polysaccharide [4] . An enzyme with galactanase activity and its cDNA sequence from M. giganteus can be used in components for the digestion of material derived from plant cell walls in a number of industrial applications, such as detergents, food and feed activities and the production of wine and juices [5] . A laccase enzyme (Lcc1) was isolated, purified and characterized from M. giganteus with a high activity towards ABTS. Laccases are of interest for green chemistry because of their pronounced oxidation capacity and for industrial applications [6] . A dichloromethane extract of M. giganteus displayed activity against B. subtilis, E. coli and C. albicans [7] while its crude methanol extract showed a significant cytotoxic activity against a murine cancer cell line 3LL (Lewis lung carcinoma) with an IC 50 of 19.8±2.6 μg/mL [8] . Furthermore, also the antioxidative potential of M. giganteus has been investigated [2, 9] . As a part of our ethnobotanical-directed search for novel bioactive agents from fungi, herein we report a phytochemical study of M. giganteus methanolic extract. On the basis of spectroscopic data, chemical reactions and GC-MS analysis, complex mixtures of free fatty acids (FAs) (1), monoacylglycerols (MAGs) (2), cerebrosides (3), ergosterol (4) and ergosterol peroxide (5) have been isolated and identified as active principles. The antioxidant activity of the MeOH extract of the fungus was evaluated through in vitro model systems, such as 2,2,-diphenyl-1-picrylhydrazyl (DPPH) and superoxide anion. In both systems, the results indicated that the extract of fungus showed the same free-radical-scavenging activity with SC 50 of 47.70 μg/mL, compared with positive control quercetin (DPPH assay). None of the isolated compounds (1-5) showed a significant activity. Compounds 2-4 were isolated from Meripilus giganteus for the first time.
Purification of the dry extract of M. giganteus by column chromatography gave six fractions (1) (2) (3) (4) (5) (6) . Fractions 2, 4 and 6 were further purified by either column chromatography or semipreparative TLC yielding ergosterol (4), ergosterol peroxide (5), a complex mixture of monoacylglycerols (MAGs) (2) and cerebrosides (3) ( Figure 1 ). From fraction 1 a complex mixture of free fatty acids (FAs) (1) The presence of signals typical of long chains strongly indicated the presence of free fatty acids. Saponification of 1, followed by methylation of the obtained acids, upon GC-MS analysis also confirmed the presence of C 16:0 (17.1±0.08%), C 16:1ω7 (1.15±0.04%), C 18:0 (1.63±0.18%), C 18:1ω9 (48.6±0.38%), C 18:2ω6 (31.2±0.28%), C 20:0 (0.28±0.001%) fatty acids. The composition of FAs is quite different respect to that reported in literature [3] but this is probably due to factors that affect the growth of mushrooms collected in different enviroments. The FT-IR spectrum of 3a-c showed absorption bands ascribable to hydroxyl at 3397 cm -1 , glycosidic (C-O) at 1036 cm -1 , a secondary amide at 1542 and 1650 cm -1 and long aliphatic chains at 2922, 1470 and 720 cm -1 . In the 1 H-and 13 C-NMR spectra of 3ac an anomeric proton appeared at δ 4.91 (1H, d, J = 7.8 Hz, H-1" and the 13 C-NMR signals resonated at δ 105.7 (C-1"), 75.0 (C-2"), 78.4 (C-3"), 71.4 (C-4"), 78.5 (C-5") and 62.5 (C-6") supporting the presence of a β-glucopyranose moiety [11] . Besides, from the 2D heteronuclear multiple bond correlation spectrum, the correlation between H-1" [δ 4.91 (1H, d)] and C-1 [δ 70.0 (CH 2 )] suggested that the glucose was attached to the C-1 position of the LCB.
In the 1 H-1 H COSY spectrum the key correlations H-4/H-3, H-4/H-5, H-5/H-6, H-6/H-7 and H-7/H-8 were observed confirming
unambiguously the position of the two double bonds at C-4 and C-8, respectively. The analysis was further confirmed by HMBC spectrum which displayed the following correlations H-6/C-4, H-3/C-5, H-7/C-9 and H-10/C-8. On the other hand, the presence of an allylic methyl group (C-19) in the branched LCB was also confirmed by the HMBC spectrum in which the correlation between H-19 and C-8 was observed ( Figure 2 ). The geometry of the C-4/C-5 alkene bond was determined to be E by the large vicinal coupling constant (J = 15.5 Hz) displayed between H-4 and H-5 [12] . When C-7 methylene protons were irradiated in a nuclear Overhauser effect (NOE) difference experiment, a NOE enhancement of the C-19 methyl protons was observed, so that C-8/C-9 double bond was also assigned E. It is thus clear that 3a-c possesses a branched sphingoid moiety with (4E,8E) geometry, 2-amino-1,3-dihydroxy-9-methyl-4,8-octadecadiene. Methanolysis of 3a-c gave a mixture of α-and β-methyl glucopyranoside. The specific rotation of the methyl glucoside mixture, [α] D 24 +74.1 (c 0.2, MeOH), was close to that of an authentic sample ([α] D 25 +77.3) [13] . Therefore, the absolute configuration of the β-glucose moiety, as deduced to be D-isomer. In addition, methanolysis of 3a-c yielded the LCB (2amino-1,3-dihydroxy-9-methyl-4,8-octadecadiene) on the basis of molecular ion at m/z 311 and the 1 H-NMR spectrum and the corresponding fatty acid methyl esters, namely, methyl 2-hydroxy palmitate, methyl 2-hydroxy heptadecanoate and methyl 2-hydroxy tetracosanoate, which were identified by GC-MS. In order to confirm the position of the double bonds, the LCB was treated with dimethyldisulfide (DMDS) and I 2 and the product subjected to electron impact (EI-MS) analysis [14] . The characteristic fragments at m/z 201, 149 and 154, obtained between the cleavage between the sulphide carbons, indicate unanbiguously the position of the double bonds in LCB moiety at the C-4 and C-8 (3a-c) positions of C18 chain ( Figure 3 ) as confirmed by NMR analysis.
The relative stereochemistry at C-2 (δ 54.5) and C-3 (δ 72.2) in the common LCB of 3a-c was presumed as 2S,3R (erytro), which was consistent with those reported for other (2S,3R,2'R) sphingosine moieties [14] . From the above evidences and comparison of the physicochemical properties with the reported data, the mixture 3a-c was characterized as
hydroxytetracosanoil]amino-9-methyl-4,8-octadecadiene (3c). In recent years several different types of biological activities have been described for these glycosphingolipids including antifungal, antitumor, antiviral and immunomodulatory properties [15] .
The cerebrosides (3a-c) isolated and identified from Meripilus giganteus were previously described in different species e.g. (2S,3R,4E,8E)-1-(β-D-glucopyranosyl)-3-hydroxy-[(R)-2'-hydroxypalmitoil]amino-9-methyl-4,8-octadecadiene (3a) was isolated from the octocoral Sarcophyton ehrenbergi [15] , from the basidiomycete Cortinarius tenuipes [16] and from the edible mushroom Pleurotus citrinopileatus [17] 
-hydroxytetracosanoil]amino-9-methyl-4,8-octadecadiene (3c) was isolated in both mushrooms Cortinarius tenuipes and Schizophyllum commune [16, 18] .
To our knowledge this is the first report on the isolation and structure elucidation of cerebrosides from M. giganteus.
From fraction 2A, compound 4 was obtained as white needles, which exhibited a positive Liebermann-Buchard reaction. The compound was identified as ergosterol from EI-MS, FT-IR, 1 H-NMR and 13 C-NMR data which were in good agreement with those reported in literature [19] (Figure 1 ). Ergosterol is recognized as a major sterol in fungi and yeasts [20] . In a preceeding paper we have isolated and identified ergosterol from the mushroom Amanita virosa and tested for its inhibitory activity on thrombin [21] . Ergosterol and ergosterol peroxide have shown antiviral, antitumor, and anticomplementary activity [22] . Besides, ergosterol peroxide has been reported to exhibit promising inhibitory activity against M. tuberculosis and together with its lacking toxicity and its remarkable selectivity (SI>57) it is a very promising anti tubercular lead for further drug development [23] .
The methanolic extract of the fungus Meripilus giganteus exhibited a potential antioxidant activity against DPPH radical (2,2-diphenyl-1-picrylhydrazyl) with SC 50 of 47.70 μg/mL, compared with positive control quercetin (DPPH assay) ( Figure 4 ).
Reactive oxygen species such as superoxide radical, hydrogen peroxide, singlet oxygen and hydroxyl radical have been implicated in etiology of wide array of human diseases, including cancer and heart diseases. Hence, compounds that have antioxidant activity may play an important role in reducing cancer risk. The free radical scavenging activity of the whole extract of M. giganteus and of the isolated compounds was assayed spectrophotometrically [24] . Free radical scavenging activity assay was carried out using the DPPH and the superoxide anion methods. The DPPH (2,2-diphenyl-1picrylhydrazyl) radical has a deep violet colour due to its unpaired electron, and radical scavenging activity can be followed spectrophotometrically by a loss of absorbance at 525 nm.
The free radical scavenging activity of the isolated fractions and compounds was measured at concentrations (1-100 μg/mL). The free radical scavenging activity was expressed as SC 50 , the concentration needed to reduce 50% of DPPH. The antioxidant activity of the whole extract of Meripilus giganteus, of the isolated fractions and of compounds 1-5 was tested. The results indicated that only the whole extract of fungus exhibited potential antioxidant activity against DPPH radical with SC 50 data of 47.70 µg/mL compared with positive control quercetin. Fractions 1-6 and the compounds 1-5 showed no significative free radical scavenging activity, while the whole extract of the fungus showed the highest free radical scavenging activity in the DPPH assay (47.7 %). These findings may suggest a synergistic effect of the compounds 1-5.
In the superoxide anion assay the whole methanolic extract of Meripilus giganteus showed similar activity (averaging 50%) at 5 µg/mL (results not shown). Even though TEAC, FRAP and DPPH assays are methods based on electron transfer reaction it is difficult to compare the results from different assays as Frankel and Meyer have already concluded. Besides, these assays differ from each other in terms of substrates, probes, reaction conditions and quantitation methods [25, 26] . The fatty acid compositions of 1-2 were determined, as methyl esters, using the Association of Official Analytical Chemists (AOAC) methylation procedure and analyzed by GC-MS [10] . A Carlo Erba GC 8000 instrument was coupled directly to a MD 800 mass spectrometer (Carlo Erba, Milan, Italy). A SP 2330 fused silica capillary column, 30 m x 0.32 mm I.D., 0.20 µm film thickness (Supelco, Inc., Bellefonte, PA) was employed. The chromatographic conditions were: column temperature programmed from 100°C (kept for 2 min) to 250°C at 10°C/min (maintained for 10 min), injector and detector temperature 270°C, carrier gas (helium) and flow rate 2.0 mL/min. Transfer line temperature was kept at 260°C. A mass spectrometer scanned from m/z 100 to m/z 400 with a 0.5 s cycle time. The ion source was set at 180°C and spectra were obtained by electron impact (70 eV). Identification of compounds was carried out by comparison of retention times and mass spectra of standards.
Preparation of Meripilus giganteus extract:
The dry extract of M. giganteus was obtained from the fresh fruiting body collected in Carso triestino (Trieste, Italy) in August 2012. Within 24 h of collection, it was dried in an air-flow chamber at 30-35°C and then stored at -20°C. A mushroom specimen was deposited for evidence at the Department of Biology (TSB) of the University of Trieste (Italy) (No: TSB-2012/010). The freshly frozen mushrooms (120 g) were disrupted with an electric blender and homogenized with 1 L of 70% (v/v) methanol. The homogenate was exposed to ultrasound for 10 minutes, macerated by rotation (125 RPM) at room temperature for 24 h and again exposed to ultrasounds for 10 min. The resulting homogenate was filtered, washed with fresh methanol and evaporated below 40°C, 300-320 mbar and then air dried for 24 h at room temperature. where Abs sample is the absorbance of the experimental sample, Abs blank is the absorbance of the blank, Abs control is the absorbance of the control. As a blank, 70% methanol (0.5 mL) and sample solution (1.0 mL) were used. DPPH solution (0.5 mL, 0.2 mM) and 70% methanol (1.0 mL) was used as a negative control. The quercetin (standard solution) was used as a positive control. Each treatment was replicated thrice.
Subfractionation of the extract from

Superoxide anion:
The enzyme xanthine oxidase (XO) is able to generate superoxide anion by oxidation of reduced products from intracellular ATP metabolism. In this reaction, the XO oxidizes the substrate hypoxanthine generating a superoxide anion which reduces the nitro blue tetrazolium dye (NBT), leading to a chromophore with absorption maxima at 560 nm. Superoxide anion scavengers reduce the generation speed of the chromophore. The activity of dried methanolic extracts was measured spectrophotometrically as reported previously [27] . (20) .
Methanolysis of 1-2:
Fifty mg of 1-2 were refluxed with 4 mL of a 0.5 N solution of NaOH in MeOH for 20 min. The reaction mixture was employed in the next step without further purification. A solution of 1-2, after alkaline treatment, was heated with 5 mL of a solution of BF 3 /MeOH and refluxed for 2 min. The reaction mixture was extracted with n-heptane (2 mL) by refluxing for 1 min and then quenched with a saturated NaCl solution; the n-heptane phase, dried over Na 2 SO 4 , was filtered and evaporated under reduced pressure to give a mixture of fatty acid methyl esters, which were analyzed directly by GC-MS. The fatty acid methyl esters were identified by comparison with standards and the ratios calculated from the total peak areas.
Cerebrosides mixture (3a-c)
White amorphous powder. MP: 157-158°C.
[α] D 26 : +5.1 (c 0.30, MeOH). FT-IR (KBr) ν max : 3397 (OH), 2922, 2850 (C-H), 1650 (HNC=O), 1542 (NH), 1470, 1303, 1079 (C-O), 962 (trans C=C), 720 (methylenes) cm -1 . 1 H-and 13 C-NMR data are in good agreement with those reported in literature [15] [16] [17] [18] . (15) .
Cerebroside 3a
Methanolysis of 3a-c:
The mixture 3a-c (30 mg) was refluxed with 0.9 M HCl in 82% aq. MeOH (10 mL) for 18 h. The mixture was extracted with n-hexane and the combined organic phases were washed with water and dried over Na 2 SO 4 . Removal of the solvent gave a colourless wax (21 mg) which was chromatrogaphed on silica gel [hexane / EtOAc (5:1)] to yield fatty acid methyl esters. The esters were analized by GC-MS. The results were as follows: SO 4 and evaporated to give the long-chain base (LCB) as a slightly yellow wax (15 mg). The aq. MeOH layer was then evaporated to dryness and chromatographed on silica gel [CH 2 Cl 2 /MeOH/H 2 O (lower layer) (20:3:1, 10:3:1, 7:3:1)] to give methyl glucopyranoside (β-anomer) as a colorless solid (5.1 mg) TLC [silica gel, CH 2 Cl 2 /MeOH/H 2 O (lower layer) (10:3:1)] of the resulting methyl glucopyranoside (α-and β-anomer) was identical to that of the standard methyl α-D-glupyranoside and methyl-β-Dglucopyranoside.
FAM-3a
GC-MS analysis of TMS ethers of methyl glicosides from 3a-c:
The mixture of methyl glycosides obtained by column chromatography of the aq. MeOH layer derived from methanolysis of 3a-c was converted to their trimethyl derivatives using BSTFA containing 1% TMCS for 3h at 70°C. 0.1 μL of silylated mixture was analyzed by gas chromatographmass spectrometer (GC-MS) system. The chromatographic conditions were: column temperature was programmed from 100°C to 260°C at 8°C/min, with 15 min of final isotherm, injector temperature 280°C, carrier gas (helium), flow rate 1.5 mL/min. Transfer line temperature was kept at 270°C. The mass spectrometer scanned from m/z 100 to m/z 600 at 1.0 s cycle time. The ion source was set at 180°C and spectra were obtained by electron impact (70 eV 
Dimethyl disulphide derivatives of LCB from cerebrosides 3a-c:
LCB of 3a-c (10 mg) was dissolved in carbon disulphide (1 mL), dimethyl disulphide (1 mL) and iodine (20 mg) were added. The reaction mixture was then kept at -60°C for 48h in a small sealed vial. The reaction was subsequently quenched with 5% aq. Na 2 S 2 O 3 and the mixture was extracted with n-hexane. The n-hexane layer was dried over Na 2 SO 4 , filtered and concentrated to give the dimethyl disulphide derivative of LCB 3a-c as a light yellow oil (9.4 mg). The LCB DMDS derivative of cerebrosides 3a-c was subjected to MS analysis. The results are reported in Figure 3 .
